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Final Report for Award Number DAMD17-01-1-0132

Introduction

Optimal systemic treatment (adjuvant therapy) after breast cancer surgery is the most crucial
factor in reducing mortality in women with breast cancer. Adjuvant chemotherapy and hormonal
treatment both reduce the risk of death in breast cancer patients.'”> However, while estrogen
receptor status predicts for response to hormonal treatments, there are no clinically useful
predictive markers for chemotherapy response. All eligible women are therefore treated in the
same manner even though de novo drug resistance will result in treatment failures in many breast
cancer patients. The taxanes, docetaxel (Taxotere™) and paclitaxel (Taxol™), are a new class
of anti-microtubule agents that are more effective than older drugs like the anthracyclines,*®
although clinical trials with taxanes and anthracyclines in combination show that only a small
subset of patients benefit from the addition of taxanes.””® Currently, there are no methods
available to distinguish those patients who are likely to respond to taxanes from those who are
not, and given the accepted practice of prescribing adjuvant treatment to most patients even if the
average expected benefit is low, the a priori selection of appropriate patients most likely to
benefit from adjuvant taxane therapy would represent a major advance in the clinical
management of breast cancer today.”®* A major impediment to study predictors of therapeutic
efficacy in the adjuvant setting is the lack of surrogate markers for survival and, consequently,
large numbers of patients with long-term follow-up are needed to conduct these studies.

We therefore set out to identify gene expression patterns in primary breast cancer specimens that
might predict response to taxanes. Neoadjuvant chemotherapy (treatment before primary
surgery) allows for sampling of the primary tumor for gene expression analysis, and for direct
assessment of response to chemotherapy by following changes in tumor size during the first few
months of treatment.>'® This clinical tumor response to neoadjuvant chemotherapy has been
shown to be a valid surrogate marker of survival, with better outcome in those patients whose
tumors regress significantly after neoadjuvant chemotherapy compared to those with modest
response or clinically obvious chemotherapy-resistant disease.”!® With the advent of high-
throughput quantitation of gene expression, it is now possible to assess thousands of genes
simultaneously to identify expression patterns in different breast cancers that might correlate
with and thereby predict excellent clinical response to treatment.' "> These profiles have a great
potential to penetrate the genetic heterogeneity of this disease and prioritize different treatment
strategies based on their likelihood of success in individual patients. Hence, neoadjuvant
chemotherapy provides an ideal platform to rapidly discover predictive markers of chemotherapy
response. In the present study, we took core needle biopsies of the primary breast cancer for gene
expression profiling before patients received neoadjuvant docetaxel. The purpose of this study
was 1) to demonstrate that sufficient RNA could be obtained from these core biopsies to assess
gene expression, 2) to identify groups of genes that could be used to distinguish primary breast
cancers that are responsive or resistant to docetaxel chemotherapy, and 3) to identify gene
pathways that could be important in the mechanism of resistance to docetaxel.
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Body of Research

From the statement of work, we proposed the following:

Task 1. Core biopsies of 35 patients enrolling in a phase II neoadjuvant Taxotere study from 2
institutions, Baylor/Methodist Breast Care Center and Ben Taub Hospital.

Task 2. Investigation of gene expression patterns in core biopsies of human breast cancers in
responders versus non-responders to Taxotere chemotherapy.

Task 3. Validation of gene expression differences by quantitative reverse-transcription
polymerase chain reaction (Q-RTPCR), and by immunohistochemistry with antibodies against
known proteins encoded by particular genes in the cluster is anticipated time to take 24 months.

Task 1.

From September 17, 2001 to July 2003, we had recruited 65 patients with locally advanced
breast cancer. Core biopsies were obtained from the primary breast cancers before
commencement of neoadjuvant chemotherapy. Clinical responses before and after four cycles of
chemotherapy were measured in all primary breast cancers.

Task 2.

A total of 6 core biopsies were obtained from each primary cancer. Two core biopsy specimens
were transferred immediately to liquid nitrogen and snap frozen at —80° C. Each core biopsy
measured approximately 1 cm x 1 mm. As these core biopsies were too small for micro
dissection, we ascertained the tumor cellularity of the pretreatment core biopsies. In general, the
core biopsies showed good tumor cellularity with median tumor cellularity of 75% (range 40-
100%). Each core biopsy yielded 3-6 mg of total RNA, which is more than sufficient to generate
approximately 20 mg of label cRNA needed for hybridization with the Affymetrix U95Av2
Genechip, using the manufacturer’s standard protocols..

The clinical characteristics of the 24 patients enrolled in this phase II neoadjuvant study are
included in Table 1. Before treatment, the median tumor size was 8 cm (range 4 to 30 cm). Prior
to gene expression analysis, we defined sensitivity and resistance based on the percentage of
residual disease after treatment. We first determined that the median residual disease after
chemotherapy was 30%. We then arbitrarily defined sensitive tumors as those with 25% residual
disease or less and resistant tumors as those with greater than 25% residual disease, as this cut-
off divides the numbers of patients almost equally into two groups for statistical comparison. In
addition, the presenting tumors were large in this study of locally advanced breast cancer, and
tumor regressions of at least 75% following chemotherapy would almost certainly represent
clinically responsive disease. Large tumor regressions following neoadjuvant chemotherapy have
been shown to directly correlate with the probability of long-term survival 10

Of these 24 patients, 11 were sensitive (46%) to docetaxel and 13 were resistant (54%). Of the
sensitive tumors, 5 patients (5/11, 45%) had minimal residual disease (<10% residual tumor),
while of the resistant tumors, 7 patients had residual tumors >60% (7/13, 58%), and 3 of these
women (3/13, 23%) had residual tumors that were 100% or greater of baseline.
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Each frozen core biopsy yielded 3 to 6pg of total RNA, which was more than sufficient to
generate approximately 20pg of labeled cRNA needed for hybridization with the Affymetrix
HgU95Av2 Gene Chip, using the manufacturer’s standard protocol.

We compared the expression data in the sensitive and the resistant tumors to identify genes
significantly differentially expressed between the two groups (Fig. 1). We first selected a subset
of candidate genes by filtering on signal intensity to eliminate genes with uniformly low
expression or genes whose expression did not vary significantly across the samples, retaining
1,628 genes. After log transformation, a ttest was used to select discriminatory genes. To
evaluate the possibility of spurious results due to multiple comparisons, we performed a global
permutation test, which evaluates the statistical probability of obtaining the observed number of
differentially expressed genes (or more) by chance alone. T-tests with nominal P-values of 0.001,
0.01, and 0.05 selected respectively, 92, 300, and 551 genes as “differentially expressed”. The
probability that these numbers of genes would be selected by chance alone was estimated to be
0.0015, 0.001, and <0.001 respectively (Table 2). These results may be reviewed on
www.ncbi.nlm.nih.gov/geo.

The 92 genes classed as most significantly “differentially expressed” at nominal P-value <0.001
are listed in the supplemental data (Fig. 1). These genes showed 4.2-2.6 fold decreases or 2.5-
15.7 fold increases in expression in resistant versus sensitive tumors. Functional classes of these
differentially expressed genes included stress/apoptosis (21%), cell adhesion/cytoskeleton (16%),
protein transport (13%), signal transduction (12%), RNA transcription (10%), RNA
splicing/transport (9%), cell cycle (7%), and protein translation (3%); the remainder (9%) had
unknown functions.

Only 14 of the 92 genes were overexpressed in the resistant cluster with major categories
including unknown function, protein translation, cell cycle, and RNA transcription, respectively.
B-tubulin isoforms were associated with docetaxel resistance.

Of the 78 genes overexpressed in docetaxelsensitive tumors, major categories were
stress/apoptosis, adhesion/cytoskeleton (none were overexpressed in resistant tumors), protein
transport, signal transduction, and RNA splicing/transport. In sensitive tumors, genes involved
in apoptosis (e.g., overexpression of BAX, UBE2M, UBCH10, CUL1), and DNA damage-
related gene expression (e.g., overexpression of CSNK2B, DDB1, and ABL, and
underexpression of PRKDC) appear to contribute to docetaxel sensitivity.

This current analysis will exclude some differential genes with low expression, some of which
may be biologically interesting. For example, it has been proposed recently that spindle
checkpoint dysfunction is an important cause of aneuploidy in human cancers. The serine-
threonine kinase gene AURORA-A may constitute a mechanism of spindle checkpoint
dysregulation, and its amplification has been shown to predict resistance to taxanes®*. Indeed, we
did observe differential expression was observed between sensitive and resistant tumors-
overexpression of AURORA-A was approximately 1.4-fold higher in docetaxelresistant versus
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sensitive tumors (Table 3). Nonetheless, this gene was not part of the 92-gene classifying list
due to its overall low expression. This classifying list does not include all genes relevant to
docetaxel sensitivity and resistance, but rather, identifies patterns of many genes that could be
used as a predictive clinical test.

The feasibility of phenotype prediction with a linear classifier based on genes with a nominal P-
value of 0.001 or better was tested with leave-one-out cross-validation. In this analysis, we began
with all 1,628 filtered genes (see above) to overcome selection bias. 2122 Each observation in
turn was “left out”, the remaining samples were used to select differentially expressed genes, and
a compound covariate predictor was constructed and then used to classify the left-out sample.
Ten of 11 sensitive tumors (specificity = 91%, exact binomial 95%CI 0.59-1.00) and 11 of 13
resistant tumors (sensitivity = 85%, 95% CI 0.55-0.98) were correctly classified, for an overall
accuracy of 88% (95% CI = 68%-97%). Permutation testing indicates that such a high cross-
validated classification accuracy is highly significant (P=0.008). The analogous predictor,
constructed using 92 genes previously selected using all 24 samples, yielded identical
classification success. Using this predictor, positive and negative predictive values for response
to docetaxel were 92% and 83% respectively, and the area under the ordinary receiver operating
characteristic (ROC) curve was 0.96 (Fig. 2).

Task 3.

To confirm measurement of RNA levels, expression values derived from normalized Affymetrix
data were correlated with values from semi-quantitative RT-PCR (QRT-PCR) for fifteen genes
(Table 4). Spearman rank correlations were positive for 13 genes and significantly positive for 6

of 15 genes.

Future directions

To validate this 92-gene predictive classifier, a subsequent cohort of 6 successive patients
enrolled in this prospective clinical study was studied. In this small validation set, all 6 patients
with sensitive tumors (residual disease less than 25%) were correctly classified by this classifier.
We are future refining this gene predictor with additional samples collected from this completed
neoadjuvant study.

Key Research Accomplishments

Four abstracts have been submitted and accepted for international meetings. Two were
submitted to the San Antonio Breast Cancer Symposium in 2001 and 2002. This abstract was
also submitted to the ASCO meeting in 2002 and 2003. This study was also selected for a
preliminary presentation in the Era of Hope Meeting in Florida in 2002. A manuscript has been
published in the prestigious medical journal, The Lancet in 2003. Another manuscript has been
provisionally accepted in Journal of Clinical Oncology for 2004.
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Reportable Outcomes

1.

Genetic markers for response to neoadjuvant therapy: Array based gene expression
profiling from serial biopsies. EC Wooten, J Chang, SG Hilsenbeck. 24" Annual San
Antonio Breast Cancer Symposium, San Antonio, Texas (abstract 236), December 2001.

Gene expression profiles from breast cancer core biopsies predict therapy to response. EC
Wooten, J Chang, SG Hilsenbeck. Proceedings of the American Association for Cancer
Research 43, abstract 450, March 2002.

Gene expression profiles for doxytaxcil chemosensitivity. J Chang, EC Wooten and R
Elledge. ASCO 28" Annual Meeting, abstract 1700, May 2002.

4.JC Chang, EC Wooten, A Tsimelzon, SG Hilsenbeck, MC Gutierrez, R Elledge, S
Mohsin, CK Osborne, GC Chamness, DC Allred, P O’Connell. Gene expression profiling
for the prediction of therapeutic response to docetaxel in patients with breast cancer. The
Lancet 362:362-369, 2003.

5. JC Chang, EC Wooten, A Tsimelzon, SG Hilsenbeck, MC Gutierrez, R Elledge, S Mohsin,

CKOsborne, G Chamness, DC Allred, MT Lewis, and P O’Connell. Patterns of acquired and
de novo resistance, and incomplete response to docetaxel (Taxotere™) by gene expression
profiling in breast cancer patients. Journal of Clinical Oncology (accepted) 2004.

Conclusions

We have preliminary data that gene expression patterns may predict response and resistance
to chemotherapy. These patterns need to be better refined, and validated in subsequent
studies. If patterns of gene expression exist that can help better select appropriate therapies,
this would enable better selection of appropriate treatments for women with breast cancer.
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Table 1. Clinical characteristics of patients enrolled in phase II study of neoadjuvant docetaxel.
Pre and post indicates premenopausal and postmenopausal; ER, PR and HER-2 indicate estrogen
receptor, progesterone receptor and HER-2/neu oncogene by immunohstochemistry, IMC
denotes invasive mammary carcinoma, and IDC denotes invasive ductal carcinoma.

Clinical
Age Menopausal Presenting Axillary Histologic
Subject status Ethnic Race |Tumor Size  [Nodes  [ER PR HER-2 |Type
1 37 pre Hispanic 10x 10 cm no negative |negative |negative [IMC
2 55 post Hispanic 10 x 8 cm yes negative |negative |positive [IDC
3 41 pre Black 6 x5 cm yes positive  |positive |negative [IDC
4 43 pre Black 15x 13 cm yes [positive _ negative [negative [IMC
5 50 post Black 20 x 23 cm yes negative |negative |negative [IDC
6 55 post Black 11x 11 cm yes positive  |positive |negative IDC
7 42 pre Black 7x9cm yes positive  [positive |negative [IMC
8 63 post Black 7 x 8 cm yes ositive  [positive [negative |IMC
9 50 post Black 13x9cm no Igositive positive |negative |[IDC
10 38 pre Hispanic 8 x 8§ cm yes [positive positive |negative [IMC
11 58 post Hispanic 7x7cm yes positive  |positive |negative [IMC
12 62 post Hispanic 4 x4 cm yes ositive  |negative |negative [IDC
13 40 pre Hispanic 55x45cm  |no positive |positive |negative [IMC
14 36 pre Black 6x 6 cm yes positive  |positive |negative [IDC
15 56 post Black 5x5.5cm no positive  [negative |negative [IMC
16 38 pre White 6 x 6 cm yes positive  |negative |negative |IDC
17 54 post 'White S5x6cm yes positive  [positive [positive [IDC
18 52 post 'White 10x 10 cm no positive  |positive |negative [IDC
19 157 post 'White 8 x 8cm no negative |negative |negative [IDC
20 152 post Black 10 x 10 cm no negative |negative [negative |[DC
21 44 pre Black 11x 11 cm no negative |negative |negative [IDC
22 41 pre Black 6x5cm yes positive  |positive |negative |IDC
23 38 pre 'White 8§ x 8 cm yes ositive  [positive |negative {IDC
24 54 post Black 9x7cm no positive  |positive [negative [IDC
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Table 2. Group comparison analysis, with different p-values (0.001, 0.01, 0.05). *
Permutation p-value denotes the proportion of permutations in which the number of genes
selected exceeds the observed number of genes selected.

P-value for gene selection Number of differentially | *Permutation p-value
expressed genes

0.001 92 0.0015

0.01 300 0.001

0.05 551 <0.001

Table 3. Differential expression of AURORA-A

Symbol Probeset || Locuslink Mean in Mean in || P-Value
t Sensitive Resistant
STK6 (durora 4) ||34851_atl| 6790 506 || 695 | 0.046

10
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Table 4. Correlation of Affymetrix expression data with SQ-RTPCR derived values. These
correlations were positive for 13 genes and significantly positive for 6 of 15 genes.

Affymetrix Pearson Correlation Spearman Rank Correlation
Gene Symbol ProbeSet N r P value P Value
ACTB 32318 s at 5 0.81 0.09 0.90 0.04
ATP6VOE 33875 at 5 0.28 0.65 0.10 0.87
BMI-1 1728 _at 8 0.90 0.002 0.21 0.61
CALM3 1158 s at 7 0.52 0.23 0.64 0.12
FUCAL1 41814 at 6 0.77 0.07 0.94 0.00
GLRX 34311 _at 8 0.74 0.03 0.50 0.21
IFITM1 676 g at 5 0.74 0.15 0.70 0.19
LAMRI1 256 s at 8 0.69 0.06 0.85 0.01
LMNA 37378 r at 5 -0.08 0.90 -0.40 0.50
MUCI1 38783 _at 8 0.84 0.01 0.71 0.05
MYOI10 35362 at 8 0.15 0.72 0.05 0.91
PLOD 36184 at 4 -0.41 0.59 -0.80 0.20
PSMD5 32240 _at 8 0.27 0.52 0.33 0.42
SERPINBS 863 g at 8 0.75 0.03 0.81 0.01
SPARCL]1 36627 at 6 0.92 0.01 1.00 0.00

11
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Figure 1. Supervised hierarchical clustering, correlated with docetaxel response. Sensitive
tumors (S) are defined as 25% residual disease or less (shown as blue bars), and resistant
tumors (R) are defined as greater than 25% residual disease (shown as red bars). The
expression levels are shown in red (expression levels above the median for the gene) and

blue (levels below the median for the gene).

12
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Figure 2. Receiver Operating Characteristic (ROC) Curve for docetaxel using the 92-gene
classifier with positive and negative predictive values with 92% and 83% respectively, and
the area under the curve is 0.96.
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Predactwe cancer genomlcs——what do we need”

See page 362

Neoadjuvant chemotherapy has been widel y used before
surgery for locilly advanced breast cancer.”® Good
response to therapy facilitates breast—conscmng surgery
and has prognostic value,-because it is associated with
increased survwal M Similar preoperative treatment

_schedules are used in ovarian, bladder, and lung cancer,

although the clinical benefit in these tamours has not yet
been fully defined. -Current clinical -and pathological
markers poorly predict response to chemotherapy, and
neoadjuvant stidies offer an ideal environment in which
new molecular markers can be guickly correlated with
clinical response. Markers discovered in this manner
may also be of use for choosing therapy for adjuvant
(postsurgical) ueatment for micrometastatic disease,

To identify gene-expression signatures that might

- predict responsc to docetaxel in breast cancer, Jenny

Chang and colleagues report in this issue of The Lancet
the analysis of fresh material from 24 locally advanced
cancers before chemotherapy in a phase II stody.
Samples were classed as sensitive or resistant to
chemotherapy on ‘the basis of the tumour residual
volume at the end of treatment. Chang and colleagues
proﬁ!cd RNA expression in - each -sample with
microarrays containing 12 625 gene probes, and then

selected a subset of 1628 genes which had the highest

variance acrogs all the samples for further analysis. A
classifier was then derived from the expression level of
91 genes with the most signiﬁcam differential expression’
between sensitive .and resistant cancers. This “gene

g signature had a positive predictive value of 93% and a
" negatve predictive value of 83% for rcspcmse vmh;n the

sample set from which it was derived.
Chang and colleagucs® report is ‘the ﬂrst of many

" clinical trials that will 'use microarray technology to

directly address - which  gene-expression ~pattérmns
determine chémosensitivity in vivo, How should these
analyses with this novel technology be ‘considered -and
what conclusions can be drawn?* These questions’ dre
particularly pertinent when'the biological significance of

the pene-expression changes that correlare “with a

particular clinical outcome are not clear, First, it is

~essential that the data analysis takes account of the false-

discovesy rare that is inherent in microarray experiments
when thousands of tests are done simulianecusly on a

small number of samples. These multiple tests require

adjusicd measures of significance; Chang’s group used
permutation testing to show that their findings were not
expected by random chance. Second, classifiers derived
from small series will be “overfitted” to the original
daraset and may not have géneral applicability. As a
minimum, the classifier needs 1o be applied to a subser
of the sample that was not used for the original

' derwanon or preferably to an mdepende

and colleagues did a limited validation on an external ser *
of six samples which were correctly’ classxﬁed ,althqugh i

. the clinical details for the’ samplts were fior reported

(see below), Third, it is ‘important” that ‘the clinjcal

studies dre carefullv designed-with string cmcna for. -

assigning outcomes to ‘samples. :
In the Chang paper, " the decxsmn about what"

‘constmxted a sensitive or resistant canccr ‘was made at’ .
the end of the clinical scudy and’ was an ‘arbitrary choice

on the basis of the observed median resxdual volume of
disease. However, the most xmpartant measure s
pathological response, which is strongly correlated 1o
survival.® Use of an’ arbitrary measure of timour
volume may not have any clinical relevance Careful
inspection “of the cases shows that the partitioning -
method introduced ‘other biases “into. the snalysis.
Sensitive and resistant cases differ in rurnour size and
hxsm)ogy (median perpendxcu}ar diametet 80 vs 38 cm,
invasive ' ductal ecarcinoma 5/11 v 11413, “invasive’
mammary carcinoma 6/11 o¥ 2/13).-This differdnce is~
1mportam because the sizé of the pnmary tumour mass
is invérsely correlated “with response,* dnd so it is’
surprising that in this series the most responswc: cangers -
had the largest median dismeter. Tn addition it remaing

“unclear whether rcsponsc rates “in: ductal ‘caxcingma

differ from those in lobular canders, und Chang ‘and -
olleagues do 0ot break down. their invasive mammary
carcinoma” cIassxﬁcatmn into subtypes. Their classxﬁeri .

‘might” therefore " répresent :differences “in sizes and” '
- histology rather than docétaxe

may explain why it does nor include genes’ that have - -

previously been ‘gssociated with faxang resistanice: The,

usefulness of the classifier can cniy be provesi by tesnmg:
it on lafger indepéndent datasets.’ :

Perhaps’ the strongest argumcm for rcportmg )
exploratory clinical snidies, such’a§ that of Chang and. -
colleagues, is their potential for reuse in other analysis,’
which ¢an then aggrcgate multiple-datasets,” As with all

gene-expression reports in’ The Lancer,® the raw :array

data will be available “for’ réanalysis * from - public
microarray repositories.” However, to muake best use of
these datasets, clinicsl details must also be. fujly reported
and ‘be electronically “accessible.: At present the
omtological - descriptions and database . structures to
facilitate this process are being studied.™ In the UK, the
Mational ‘Cancer Rescarch Institute and the National
Trenslavonal Cancer Research Network are evaluating
new  clinical  biloinformatics -initiatives, partdly in
collaboration with the US National Cancer Instituts’
Cenrre for Bioinformatics. The use of controlled
vocabularies and concept indexes in clinical databases
will be an important first step. Data from clinical studies
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and molrzcular prof Img need to be tightly coupled and
widely “accessible if the promise of predictive cancer
genomics is to be achieved.

We have no ‘ronflicrs of inrerest 1w declare.

* fames D Brenton, Carlos Caldas

Cancer Genomics Program, Department of Oncology,
Unliversity of Cambridge, Hutchison/MRC Research Cemre.
Cambridge CB2 2X7, UX §

(emaﬂ Jdbwoa@cam ac. uk)
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(Almost) three cheers for UK genetics
White Paper

£50 million over 3 years is a drop in the ocean
compared with the annoal UK National Health Service
(NHS) budget of £54 billion. The importance of the
UK Government’s White Paper on genetics,’ unveiled
by Health Secretary John Reid on June 24, 2003, lies

not so much’in its financial promises as'in the signal it -

* sends:-that the Government recognises the importance
of genetics for the hedlth sérvice and is making a
strategic commitment to its development.

No one knows how soon the promises made for
penetics will become = reality or how decp the eventual

impact will be ? Recognising this uncerrainty, the White
Paper attempts to ‘steer a line betiveen ‘enthusiasm for -

the benefits penetic medicine ‘may bring™ and the
danger of raising unrealistic expectations.® By and large
the White Paper succeeds, though the antxgencmcs
lobby groups have criticised some of the paper's
scenarios. It is too early to say, as the reporr suggests:
whether patients who have heart attacks would really be
more motivated to take preventive action if they know
they are at increased genctic risk for coronary heart
discase; whether future gepetic tests will add an
appreciable degree of precision to current risk estimates
based on biochemical or lifestyle factors; or, indeed,
whether existing interventions will be of greater or lesser
effect in genetically predisposed individuals.

“the ‘need for an evidence-based ‘approach to

Son 3 models su;,gest that combxx_: tionis of lows"
penetrance genes may have a:major role in dctenmmng
individual risk of common disorders;® However,:

4 long way to go'in vahdaung die many pwpoScd__ C

‘associations between genotype dnd diseage risk; andin
rigorous assessment of genetic tests to determine not’
only their analytical and. clinical validity, but also their

" clinical ‘usefulness and - their ethical, Iega%, and sccxal )

impact.” The White I’aper makes passing’ referén

med:cme, but  could . usefilly “have ~made SRS
surrounding assesyment and regulauon ofgeneuc tests 1

'more prominent Pplank of i its proposals.

“ That said, there is fifuch to appland in the choim: of
prxonnes set out in-the Whire Paper.'In anncnpmon of .
growing nuambers of genetic' tests’ coming into’ service,
genetics laboratones aré in ling to receive a booist in
funding of 522 5 million. But there is no such thing as'a’
free sequencing machine: the Winm Paper makes it

“clear thar this funding is “in return for i innovative plans
“for ‘modernisation. developed to - meet local needs”.

There are broad hints that the Government foresees R’

:nmc, perhaps not very far in the future, when genem )
testing may be integrated into wider pathology scmces,-

with economies of ‘scale . from gcographxcal re-
distribution and centralisation of testmg, and perhaps
greater involvement of private sector partners,* Generics
laboratories have given stcrlmg service in bringing tests
for single-gene disease into the NHS but. the time is
now righit to begin thinking about néw sefvice models
that will serve the needs not only of those with geneuc
disorders but also alt groups-of patients.

Also to be welcomed is @ commitment to improve
awareness of genctics in mainstream services such as
those for cancer and heart disease, in which much can
now be done to ‘improve the ‘recognition and
management of familial subsets of these diseases.:
Familial hvpcrchaiebteroiaemxa, famxhal cuncer, and
maturity onset diabetes of the young are singled oui for

_special attention in the White Paper, biit it should not

be forgorren that conditions such as long QT syndforne,
cardiomyopathies, or polycystic kidney disease are-slso
strong candidates for a family-based approach, nor ‘that
& more directed use of famx!v history s 8 giide- to
dxscase risk might be of Use in primary care.” '
-Such developments st go hand in *hand thh 3
gredter awareniess and tinderstanding of genencs by all
health professionals.” Anyone who has run @ genetics
education event for the health'setvice will know that the
current NHS workforce is not falling over jtself o

.:mprove its gcneuc literacy. This unenthusiosm is’ not

surpnsmg, given the heavy ‘demands of targets and

waitinig lists and the !ong time-frame ‘before geénctics

will make & substantial impact on -days-to-day- pracncc.

The results of a review of genctic education in ‘health

professionals make it clear that; to have any hope of
success, programines must be developed in parthership
with each professional group and rooted in their clinical
experience.® Starry-eved proriouncements about the
wonders of the Human Genome Projeet reach only the
already converted. In this contexr, it is encouraging that
the NHS Genetics Education and Development Centre,
announced in the White Paper, will “act as a catalyst to -
help drive and coordinate activity®, rather ' than
dictating what different professionals need to know, It is
less clear that the Governinént ‘is prepared to make
available sufficient resources for gencnc education of
hc.alth professionals. If real progress is o be madc,
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MECHANISMS OF DISHASE

| Méch'anism$ of d'isea‘é‘e |

Jermy C Chang Enc C Wooten, Anna Tsimelzon, Susan G Hilsenbeck, M Carolma Gutrerrez R:chard EIIedge Syed Mohsm,
c Kent Osbome, Gafy C Chamness D Crarg Aliled and Peter O’Conne!l

Summary

Backgmund Svstemlc chemotherapy for operabte breast
cahcer substantially decreases the risk of death. Patients
often have de ‘novo resistance or incomplete response to
docetaxel, one of the most active agents In this disease, We
postulated that gene expression profiles of the prsmary
breast cancer can predict the response to docetaxel.

Methods We took core biopsy samples from primary breast
tumours in 24 patients before tréatment and then assessed
tumour response to neoadjuvant docetaxe! {four cycles,
100 mg/m" daily for 3 weeks) by cDNA analysis of RNA
extracted from biopsy samples using HgU95-Av2 GeneChip,

Findings From the core biopsy samples, we extracted
sufficient total RNA (3-6 jig) for cDNA anray analysis using
HgU95-Av2 GeneChip. Differential pattems of expression of
92 genes correlated with docetaxel response (p=0-001).
Sensitive tumours.had higher expression of genes involved in
cell cycle, cytoskeleton, adhesion, protein transport, protein
modification, transcription, and stress or apoptosis; whereas
resistant tumours showed increased expression of some
transcriptional and signal transduction genes. in leave-one-
out cross-validation analysis, ten of 11 sensitive tumours
(90% specificity) and 11 of 13 resistant - tumours 85%
sensitivity) were correctly classified, with an accuracy of 88%.
This 92-gene predictor had positive and negative- predictive
values of 92% and. 83%, respectively. Comelation between
RNA - expression measured by the .anays . and
semiquantitative RT-PCR was “also ascertained, -and ‘our
results were validated in an independéent set of six patients.

Interpretation ¥ validated, these molecular proﬂ!e’s,couldi»

allow development of a clinical test for docetaxel sensitivity,
thus reducing unnecessary treatment for women with breast
cancer.

Lancet 2003; 362: 362-69
See Commentary page 340
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lntroduction Lo :
Ad)uvanr Systemic matmem after surgerv for breast
cancer 18 the ' most crucial factor in reducing morrality-=
both chemotherapy arid hormonal treatment reduce the
risk of death in such patients.!”. However, aithough
oestrogen-receptor status is ‘predictive 'of ‘response. to
hormonal treatments, there are mo: clinically - useful
predictive markers  of a paucnt’ response 1o
chemotherapy. I‘herefcre, all patients who are eligible for-

»chemmhempy réceive the same frearment; evén’ though:de

novoe drug resistance will result in treatment failures in

‘mafiy. The taxanes, docetagel #nd pachtaxei are a‘new

class of antimicrotisbule agent that'are more efféctive than
older drugs such as anthracyclines,””. although results of
clinical - trials with ' wixanes. and - anthracyclines -in
combination show that only a small subset of pamnts
benéfit from the addition of taxanes.® There are ‘no
methods 16 distinguish between pancms who are likely to
respond to taxanes and those who are fiot. In view of the
accepred practice of giving adjiivant: treatment to most
patients; even if the average expected benefit is'low, the 2
priori selection of -appropriate - patients - most tikely to

‘benefit from ad;uvant treatment with: raxanes would be a

great-advance “in ‘the clinical . management of  breast
cancer.*” A major impedimentin the stady of prédictors of
effectiveness of adjuvant treatment is the absence of

surrogate markers for survival end, consequently, large

numbers of patients and long-term fol}nw-up are:niceded.
We ‘aimed: to identify geng ‘expression - patterns in
primary ‘breast-cancer  specimens that . might ‘predict

“Tesponse 10 raXanes. Neoad;uvant chemothierapy. * (ie,

wearment before primary ‘surgery) allows for samplmg of

‘the primary . tumour for gene expression analysis,“and for

direct assessmerit of  respénse -to - chemotherapy “by
monitoring- changes in.tamour: size durmg the first few
months-of tréatment.’®" Clinical response of thé furour’
1o neoadjuvant chemothicrapy 'is a valid surrogate marker
of survival: patients wWhose” Tapiours regress substantially

“.after neoadjuvant chemotherapy have -better outcome
thdn do those with:modest respornise or clinically obyiois

disease’ that is- resistant. to chemotherapy.'s" With :the

-advent of - h:gh-thmug,hput uantification  of - gene

exprcssmn, simultaneous “assessment. of thousands of
genes is now possible, which aflows xdmuhcanon of
expression patterns.in different breast cancers that might
correlate with, ‘and  thercby. predict, excéllent clinical
fesponse to treatment.”?* These profiles have potential 1o
explain the genetic heterogeneity of breast cancer and
allow treatment strategies to be planned in.accordance
with their probability of success in individual patients.
Hence, neoadjuvant chemotherapy provides an ideal
platform from which to discover predictive murkers of
chemotherapy response. In our study, we took core needle
biopsy samples of the primary breast cancer for gene
expiession profiling before patients received necadjuvant
docetaxel. 'We aimied first, 1o show that sufficient RNA
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_."GLOSSAR :
=EANL£JPLOIDY ; : : n
;Cﬁtls contalmng an abnorm} (:ompiement of chromosomas

vAl’OP*I OSIS
"Programmed celt “desth A ge«nem: mechamsm Ieadlng ta induced calt

“death that envo}vea activation'of cascade of genes. Apoptosts orises in

normal ussue and can be aewciated with pamcufar digsease stalas

'.Rtswnsﬂ'rtmow Eswwm, :
,jApphcatxon of the ‘classifier to the samptes u%ed io c:eate st

could be obtained from core biopsy samples to assess
gene expression; second, to identify groups of genes that
could be used to distinguish primary breast cancers thar
are responsive of resistant to ‘dacetaxel chemotherapy;
and third, w identify gene pathways that could be
important in the mechanism of resistance to docetaxel.

Methods

Patlents

From September, 1999, to June, 2001, patierits with
locally advanced breast cancer (ie, primary cancers
>4 cm, or clinically evident axillary metastases) were
considered for a phase II study with neoadjuvant
docetaxel. Inclusion criteria were (1) age greater than
18 years and a diagnosis of breast cancer confirmed by
apalysis of a core needle biopsy sample, (2)
premenopausal  statug  accompanied by appropriate
contraception, (3) adequate performance status, and (4)
adequate liver and kidney function tests (all within
1-5 times the institution’s upper limit of normal).
Patients were excluded if they had severe undeérlying
chronic illness or disease, or were taking -other
chemotherapeutic drigs while on study.

This study (protocol HB8448) was approved by the
institutional review board of Baylor College of Medicine,
Houston, TX, USA. Patents gave written mformed
consent,

Clinical procedures

We recorded clinical staging and size of primary tumour at
the start of treatment, at every cycle, and after completion
of four cycles of chemotherapy. Tumour size (product of
the 1wo largest perpendicular diameters) measured before
and after four cycles of neoadjuvant chemotherapy was
used to calculate the percentage of residual disease. The
median residual disease ‘was then calculated, and this
degree of response was used to divide the cancers into two
roughly equal groups—sensitive and resistant tumours—
before we did gene expression analysis.

Before docetaxel was given, we did core biopsies of the
primary cancers. To obudin sufficient tissue, we did about
six corée biopsies from évery patient usging an MC1410
MaxCore biopsy instrument (Bard, Covington, GA,
USA). Samples were taken after patients had been given
local anesthesia with the same entry paoint, but
reorienting the needle. Two to three core biopsy
specimens were immediately transferred for snap freezing
at -80°C for ¢DNA array analysis. The remaining
specimens were fixed in formalin for diagnostic analysis
and possible immunohistochemical analysis.

Four cycles of docetaxe! were given at 100 mg/m’ every
3 weeks, and we assessed clinical response after the fourth
cycle, at 12 weceks. As part of standard care, patients were
continued on neoadjuvant chemotherapy through the full
four cycles, unless there was clear documentation of
progressive disease, which we defined as an increase in
tumour size of more than 25%. After the course of

neoadjuvant docetaxel was complets, primary surgery was
done and staridard adjuvant treatment was giveri.

RNA extxactton and ampliﬂcation

spemmcns in accardancc wxrh protoccﬂs rccommendcd _
by Affymerrix (Santa Clara, CA, USA) for GeneChxp '
experiments. Total RNA was isol ated_ with Trizol reagent
(Invitrogén: Corporation, ‘Carlsbid, CA). Samples were
subsequently ' passed over ‘4. -Qiagen. RNeasy . column
(Qiagen, Valencia, CA) for removal.of small fragments
that affect RT-reaction and hybridisation quahty (ECW,
unpublished data). Bach core biopsy yielded 3-6 jg of
total RNA. After RNA recovery; double-stranded ¢DNA
was then synthesised by a chimeric oligonucleotide with
an oligo-dT and a T7 RNA polymierase promotet at a
concentration of 100 pmol/pl.

We did reverse transcription jin acdordance with
protocols recommended by Affymetrix using commercially
available buffers and proweins (Invitrogen Corporation).
Biotin labelling and abour 250-fold linear amplification
followed pheniol-chloroform cléan up: of the reverse-
transcription reaction- product and was done by .in-vitro
transcription (Enzo Biochem, New York; NY, USA) over
a reaction time of 8 . From each biopsy specimen, we
hybridised 15 ug of labelled ¢RNA onto the HglU95-Av2
GeneChip using recommended procedures - for -pre-
hybridisation, hybridisation, washing, and staining
with  sweptavidin-phycoerythrin - (SA-PE). . Antbody
amplification was done with a biotin-linked' antibody to
streptavidin (Vecror Laboratories, Burlingame, CA) with a
goat-1gG blocking annbndy (Slgma, St Louis, MO, USA).
A second application of the SA-PE dye was used after
aclditional wash steps had ‘been: done. -After automated
staining and wash protocols (Affymetrix protocol BukGE-
2v4), the arrays were scanned by the Affymetrix GeneChip
scanner (Agilent, Palo Alto, CA) and quantitated with
Micoarray suite version 5.0 (Affymetrix). The HgU95-Av2
Gene(}hip consists of abour 12 625 probe sets, each
containing ‘abour 16 perfect: match and corrcspondmg
mismatch” 25mer oligonucleotide probes representing
sequences {genes), most of which have been characterised
in rerms of function or disease association. The raw,; vin-
normalised ‘probe level data were then analysed by dChip
¢httpy//dchip.orgy for final ‘notmalisation and ‘odelling.
Median intensity was used for the normalisation of the
24 -arrays and the perfect matchimxsmatch (PM!MM)
miodelling algomhm was used.

Semiquantttative RT-PCR

We did semi-quantitative RT-PCR  (sqRT-PCR)
measurement. of gene expression levels using “the. same
amplified ¢RNA hybridised to the GeneChip, 20 ‘gencs
were selected for analysis on the basis of their high variation
in expression. Primers were designed for these loci with the
sequences freely available from the Entrez Nucleotide
database” and the Primer3 algorithm  for primer design.
Product sizes were kept short (<150 bp) to allow the
maximum ability to work under varying conditions relative
to ¢RNA quality. Primers were optimised with a reverse-
transcribed mixture of six samples. 15 duplicate reactions
sere prepared and samples were taken aut alternating cycle
numbers between 15 and 33 to ensure that the sqRT-PCR .
reaction products were in a linear range of accumulation.
These samples were then arranged in ascending “order,
dihuted with 10 pl. loading buffer, and 3 pl. of each sample
was  loaded onto 6% dénanwing. acrylamide gels.
Electrophoresis at 60 W was done for 2 h, or unril sufficient
separation of the xylene cyanol and bromophehol blue dyes
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Figure 1: Two methods of statistical analysis

A: the prognostic analysts used by van't Veer and colleagues™ used ohgowcleot;de mlcroarmys wﬁh 25 000 genes, fmm which 5000 variably expressed
genes were selected by filtering. Of these, 231 genes were sigiificantly associated with prognostic outcome (r+0-3): Thess 231 genes wers then rank-
ordered on the basls of the magnitude of the comrelation coefficient and selected in groups of five to construct the simallest optimum classifier. Leaveone.
out analysls was then done with 231 genes that were correlated with outcome to select a classification set of 70 genes. B: statistical analysis methods
used in this study: a subset of 1628 genes was selected by filtering on signal intensity to alfmanate genes with uriiformly low &xprpss!on or genes whose

expression did not vary svgmﬂcamly across the samples,

was achieved. Gels were then ﬁxed, removed from the rear
plate, transferred to filter paper, and dried. We first
assessed these dry gels using autoradiography (about 8 h
exposure, no intensification), and analysable gels were then
exposed to phosphorimaging screens. Primers that failed to
produce a single Clear band were used again with different
annealing temperatures untl a single band was produced.

15 of the 20 primers choseén proved suitable to use and
gave clean, single bands for analysis. The remaining five
failed to optimise properly and were not included in any
further analysis. Although high-cycle ‘samples inevitably
achieved pixel-saruration, care was taken to keep exposure
times to a minimum, $0 as to keep intensity within the
informative range on most cycle-totals within each set. To
determine the linear range of the 15 primers, we analysed
their absolite intensities usingMicrosoft Excel graphing
functions. 'We then did phosphorimager quantification
analysis (Bio-Rad Laboratories, Hercules, CA), and RT-
PCR product band intensities were quantitativdy
compared with normalised, inodel-based ‘estimates of
exprecqmn fmm the Generxp data. )

Statistical analysis
The analytical approach used i in thxs study (figure 1) was
sirnilar to the successful methods described previously. ™
After scanning and low-level quantification  using
Microarray  Suite  (Affymetrix);, we used DNA-Chip
analyser dChip version 1.2 1o adjust arrays to a common
baseline” and  estimated expression using 'Li and
colleagues” PM-MM model.”** We eliminated genes that
were not present in at least 30% of samples, and exported
expression data for the remaining 6849 geneés to BRR
Arraytools version 2.1¢® for more filtering and analysis.
After wansforming all data by taking logarichms, we
ranked genes by variability over all 24 samples, and we
retained the 1628 genes that were significantly more
variable than the median variance.

We selected differentially expressed genes from the
filtered gene list using the two-sample ¢ test, and then

used a global’ pexmumnon test as an overall multiple
comparison-fide test '-of - whether the number of
differentially expressed genes exceeded that which might
arise by chance.In this test, the obseéfved nurnber of
significantly differentially expressed genes was compared
with the distribution of numbers of differentially
expressed genes generated by repeatedly permutating the
labels of the samples and recalculating the L test at the
specified level of significance.

Next, we developed a classifier to predict response
With ‘a list of discriminatory ‘genes .and ‘their associated
t values;. we-used the ‘compound covariate predictor

" .method“of Radmacher and volleagues. CAENE Construct

a lincar " classifier, RESUBSTITUTION ESTIMATES “of
classification success, in which the classifier is applxed to
the same samples used to create it, are mvanably biased
(ie, they are overly optimistic) 2+ Therefore, we used an
external “cross-validation procedure to generate a less

biased estimaté of -classification success.” Startmg with'

1628 genés that had sxgmﬁcam variation i expression,
and which “were filtered without any réspect to class
mcmbershxp, the enriré ‘gené selection -and - classifier

- construction process was repeated ‘in a leave-onesout

cross-validation” 1o~ estimate classifier performance.

Finally, to “assess whether the degree -of  successful

classification we noted could have arisen by chance,
the " entire cross-validation procedure was . repeated
2000 times, permutating the sample labels every time.
The observed cross-validated classification success rate
was then coinpared with the distribution of classification
success in the permutation analysis. Cross-validated
performance was summarised. by observed sensitivity
and specificity, and associated exact binomial confidence
intervals.  Resubstitation classifier values were also
used to generate a receiver nperarmg characteristic
curve (ROC curve) and to aqnmme the area under
the curve,

‘The classifier was pantly valxdatad with an mdependcnt
set of six patients weated in the same clinieal trial a5 those
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Clinleal axiftary

Qostrogen- ~ Progosterons  HER2

Age (years) Menupausa! statug Ethnh: otlg!n Bldlmenslonal “ Tumous type
L tumom size (it} ‘nodes ~ receplor status receptor status ‘

Patfent ! ) : } . i

i 37 Premenopatisat Hispanic mxm No - :

4 55 Postmenopausal  Hispanic -10%8 Yes - i

3 a1 Premendpatisal Black 6X5 Yés o ¥

4 43 Premenopausal Black 15x13 Yes +* -

5 50 Postmenopausal  Black 20%x23 Yes - =

6 85 Postmenopausal  Black S11x11 Yes + +

7 42 Premeriopausai Biack 7x9 Yes + +

8 63 Pastmenopausal Black X8 Yes + +

9 50 Postimencpausal  Black 13%9 No + +

10 38 Premenopausal Hispanic gx8 Yes + +

11 58 Postmenopausal  Hispanic X7 Yes + 4

12 62 Postmenopausal  Hispanic 4x4a Yes + -

13 40 Premenopausal Hispanic 55X4.5 No + +

14 36 Premenopausa Black " BXEB Yes o LE BTRCRRLISIS |
15 56 Postmenopausal  Black 5x%5-5 No + - - MC
6 38 Premenopausal White (254 Yes + - - 1504
17 54 Postmenopausal  White 5x6 Yes + + [vl)
18 82 “Postmenopausal  White 10X10 No + + - iDe
19 87 Postmenopausal  White 8x8 No - - - o]
20 52 Postmenopausal  Black 10%10 No - - - D¢
21 44 Premenopausal Black 11x41 No - - - o
22 41 Premenopausal Biack 6X5 Yes + - + - inc
23 38 Prémenopausal White 8x8 Yes + * - iDe
24 54 ‘Postmenopausal  Black 9x7 ‘No +* + - e

HER-2=HER-2/neu oncogene detected by immunohistochemical analysis. -=regative, +=positive, IMC=invasive mammary carcinoma. IDC‘mvasm ductai carcmoma

Table 1: Characteristics of patients in the training set

in the trainirig set. RNA was obtained from pretreatment
biopsy - samples. and _hybridised to HgU95-Av2
GeneChips exactly as described for the training sample.
Probe level data were adjusted to the same baseline array
as the training set, and gene expression values were
calculated with previously estimated probe sensitivity
values derived from the training sample. The 92-gene
classifier was then applied ro predict response in évery
new sample.

Role of the funding source

The study sponsors did not conmbutt to the study
design, or collection, analysis, or interpretation of data.
The manuscript was reviewed with only minor editorial
changes - by one of the study’s sponsors, Avenns
Pharmaceutical.

Results

Assessment of clinical response

We included - 24 patients, and their clinical
characteristics are shown in table 1, Unidimensional
median tumour size before treatment was 8 cm (range
4-23 cm). Before doing gene expression analysis, we
defined tumour sensitivity-and resistance on the basis of
the percentage of residual disease after rreatment. We
first determined that the median residual disease after
chemothcrapy was 30%. We then arbitrarily defined
sensitive tumours as thc\se that had 25% or less residual
disease, and resistant rumours as those with more than
25% residual disease, since this cutoff divides the
patients into -two' almost equally sized groups for
statistical comparison. In this study of locally advanced
breast cancer, tumours were large and a regression of at
least 75% after chemotherapy would almost certainly
represent a clinically important response. Of these
24 patients, 11 (46%) were sensitive to docetaxel and
13 (54%) were resistant. Of the sensitive  tumours,
five patients (45%) had minimal residual .discase
(<10% residual rfumour), whereas of the resistant
tumours, seven (58%) had residual tamour mass of 60%
or greater, and three (23%) of these residual tumours
were 100% or greater of baseline.

- resistant
_probability that these numbers of genes would be selected

Selection of discriminatory genes

To select discriminatory genes, ‘we compared expression
data in the sensitive and the resistant tumours (fgure 2).

First, we selected a subset of candidate genes by filtering
on signal intensity 1o ¢liminate genes with uniformly low
expression or genés whose ' exprcssion did not vary
significantly across the samples, retaining 1628 genes.

After log transformation, a 7-test was used ‘1o select
discriminatory genes. 7 tests wuh ‘nominal p ‘values of
0-001, 0-01, and 0-05 selected 92, ‘300, and 551 genes,
respectively, for which expression differed in sensitive and
groups—ie, - ‘différentially expressed. The

by chiarice alone was estinated to be' 0:0015,:0-001, and
less than 0-001 respectively (table 2). These results can be
reviewed with data at th'evene expression cmnibus.“

Functional classiﬁcatlon of discﬂmmatory genes

The 92 genés classed as most sxgmﬁcantly “differentially

expressed”. at “p=0-001 are listed - in -the webtable

(http:/image. thelancer. com/extras/01art] 1086webtable.pdf)

(figure 2). These genes showed 2-6-4:2:fold decreases or

2-5-15-7-fold " increases in expression. in . resistant

compared with sensitive tumours, Functional classes of
these differentially exprc,ascd genes - included ‘stress or

arorrosis (21%), cell adhesion or cytoskeletcn (16%);

pmtem transport (13%), signal transduction (12%), RNA.
transcription (10%), RNA splicing or transport (9%), cell

cycle (7%), and protein wranslation (3%); the rémainder
(9%) have unknown functons, 14 of these 92 genes were
overexpressed in the treatment-resistant. cluster with

major categories including unknown function, protein

p value for gene selection
0-001 001 T 005
Number of diffarentially 92 300 551
- expressed genes o v
Pernutation p* 00015 G004 0001

ATha proportioh of permutations i which the number bf genes selected
exceeds the sbserved nuimber of genes.

Tabie 2: Group comparison analysis, with different nominal
p-vahtes
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Fgure 2 ﬂiemrchlcal
‘clustering of genes’

" comelated with
docetaxel response -
Expression levels above
the mean for the gene are
shown in red and
expression levels below
‘the mean for the gene are
shown in hig. The colour
scale ranges from'3 SDs
or mare below'the mean
{darkest biie} to 3 SDs
‘above the mean (darkest
rett}. Affymetrix probe set

38042 5, md identifiers and gene

-symbiols are shown on the

right-hand side of the

figure.
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translanon, ce!l cycle, and RNA transcnptmn Tubulm

Of the- 79 genec; overexprcssed in docc.taxd‘senémve
tumoufs, major ‘categories were Stress ~Of  apoptosis,
adhesion or cytoskelemn (no” genes with this function

were <>verexpreswd in rcsxsrant tumours), - protein

- transport, signal transduction, and RNA splicing or

transport. In sensitive - tumours, “genes involved in

apoptosis  (eg, overexpression of BAX, UBE2M,
UBCH10, CULI), and DNA damage-related gene
expression (eg, overexpression” of CSNK2B; DDBI, and

ABL1, and undcrcxpressxon of PRKDC’) sccm m‘

contribute to docctaxcl sensmvuy

Leave-one-out cms&va!ldation
In this cross-validation analysis, we began wnth all 1628

filteredt genes to avoid selection bias,** Every obsexvanon-

in turn was left out and ‘the remammg samples were used
to select differentially = expressed genes; we  then
constructed 8 compouhd covariate predictor 10 classify
the left-out sample. Ten of 11 sensitive ramours (91%
specificity, [95%CI 0:59-1-00]) and 11 of 13 resistant
tamours (85% sensitivity [0-55-0-98]) were correctly
classified, for an. overall accuracy of 88% (68-97%).
Results of permumuon testing showed that such a high
cross-validated  classification ~accuracy is significant

{(p=0-008). The analogous predictor, constructed with 92 -

genes selected with use of all 24 samples, yielded identical
classification success. With this predictor, positive and
negative prédictive values for response to docetaxel were
92% and 83%, respectively, and the area under the
ordinary ‘receiver operating charactensnc (ROC) curve
was 096 (ﬁgurc 3).

Confirmation of expression measuremehts

To ‘confirm measurement of RNA concentrations, :

expression values derived from adjusted Affymetrix data
were correlated with values from sqRT-PCR for 15
variably expressed genes (table 3).. Spearman -rank
correlations were positive for 13 genes and mgmﬁcandy
posmve for s:x of 15 genes TR :

Validation in an independent cohort

The six additional patients enrolled in this prospective”

dmical study were studted o partlv vahdate the 92-gene

20 { R

0-84

06+

Sensitivity

-4~

02+

‘Ares under cuve=0-06

0-0- ¥ T T "
H H] 1
G0 o2 -4 08 o8 10
' 1-specificity

Figure 3: Racelver operating characteristic (ROC) curve for
predicting response to docetaxel

"A'ffym'atﬁx -'Number Pearson ) .*Speman vank

 piobe st -;-comslaﬁon _ norrela!lqn}
r g b
AcTB T 823185.at B 081 009 0:90: 004
- ATPEVOE 338758t B 028 085 0100 D-BY
BMLL . - 1728t 8 090 0002 021 061
CALM3  1iB8sat 7 052 023 064 032
FUCAL  4i814at T B 077 P07 094 000
GLRX 33311 at 8 074 003 080 02t
FML 876 gat 5 078 015 076 D19
LAMRL  286.sat 8 069 006 . 085 001
IMNA  37378.rat 5 -008 . 090" - -0u0  0:50
MUC1 38783 at - 8 088 001 - O7TL 005
MYO10 35362, - 8 018 072 005 091
pLOD - 361848t 4 -041 Q59 - <080 020
PSMDS < 322408t 8 027 052 . 033 042
SERPINGS 863 g8l 8 075 003 . 081 001
SPARCLL 3662781 6

092 001 100 000
Correlations pasiive for 13 genes and significantly poamve far . ’
6ofi5genes -

Table 3: 00rrelatim| of Aﬁyrnﬂrlx expression data with
qu’r-PCR dermd valuas. :

'pfedicﬁve classifier. ’In this small ser, aﬁ'six patients had

sensitive tumours and were ' cotrectly classified by our
predictive method ,

Discussion

We obtained -sufficient RNA from small core biopsy
samgples of human breast cancers, to assess patterns of
gene expression in individual tumouts and identified

" moleculdr pmfiles using gene expression -patiernis’ of

human primary breast cancers to accurately predict

© sensitivity to docetaxel in women wnh primary - breast
‘cancer.

Gene expressxon patterns as‘zocmted with docetaxel

. sensitivity and resistance are highly complex In the past,

investigators using smgle gene biotharkers to assess
sensitivity and résistanice ‘to chemotherapy bave seldom
produced - conclusive "results. For example, in a breast

‘cancer study the researchers did not note any correlation

between commonly Teasured predictive and prognostic
markers (HER-2, p53, p27, or epidérmal growth factor
receptor). and taxane  sensitivity.” Reports of different

- ¢ancer types have suggested that alteradons in expressmn

levels of B-tubilin isoforms might reprcsem an important

“ind complex mechanism of taxane resistance.® We noted

that overexpression of some . B 'tubilin jsoforms - was
assomated with.docetaxel resistance in'some tumours, but

" not all. These results suggest that the patterns of gene

expression for sepsitivity and resistarice are hkely to
involve mulnple gene pathways, and’that integration of

° many genes in these pathways leads.ta drug sensitivity and

résistance. Qur results lend: support to ‘the .idea that
assessmient of expression of a few individual genes will not
be powerful “enough. to unmngle the hétérogeneity of
clinical breast cancers, but thar patrerns of expréssion of
many genes could be successful in dnsrmgu:shmg bérween

* sensitive and résistant tumours.

A key point of this study was to focus on genes that
could be reliably measured and to exclude those that were
unlikely to be expressed in any sample. We did not design
this study to discover specific génes for docetaxel response
or resistance, but rather to identify patterns of many genes
that could be used as a predictive 1est in patients with
breast cancer. As a result, our analysis will have excluded
some differential genes with low expression, some of
which might be biolegically interesting. For exarple, that
spindle checkpoint dysfunction is an important cause of
ANEUPLOIDY in human cancers has been suggested. The
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serine-threonine . ‘Kinase ‘gene .STK6 (AURORA A)*
might cofistitute @ mechanism of spindle ‘chéékpoint
dysregulanon, and its” amplification has been shown to
predict. resistance w0 taxanes.” Indeed, we did note
differenitial expressnon “between sensitive and resistant
tummmmoverexpressxon of STK6 “was about 1:4-fold
higher in docetasel-resistant tumours than in those that
were sensitive 1o the drug (mean expression 506 and 695
in sensitive and resistant tumours, respectively; p=0-046).
Nevertheless,  this gene was not part of the 92-gene
classifying st because of its overall low expression. This
classifying list ‘doed not include dll genes relevant to
docetaxel sensitivity and résistance, but rather, identifies
patterns of many genes that could be used as a predictive
clinical test.

There is little information about the usefulness of
gene exprossion drrays in human breast cangers.'"®
Van’t Veer and colleagues,” wusing printed oliogo-
nucleotide microarrays, noted that géne expression
profiles were more accurate predictors of outcome in a
smalf set of 78 young women with node-negative breast
cancer than more standard clinical and histological
criteria. The same investigators ‘subsequently validated
this 70-gene classifier in a cohort of 295 patients, many of
whom were not in the original study.” The signature of
poor prognosis included genes regulating cell cycle,
invasion, metastasis, and angiogenesis. Perou and
colleagues™ and Sorlie and colleagues® used cIINA arrays
and identified distinct patterns of gene expression that
were termed basal or luminal, These groups differed from
each other with respect to clinical outcome.” Unlike
these earlier publications that dealt with patient prognosis,
our aim was to identify gene expression patterns that
could predict response or resistance to docetaxel in
patients with primary breast cancer.

Although breast cancers are highly heterogeneous, the
classifying gene list gives some clues 1o the mechanisms of
sensitivity and resistance in some tumours. In general,
resistant tumours overexpressed genes associated with
protein translation, cell cycle, and RNA transcription
functions, whereas sensitive tumours overexpressed genes
involved in stressor apoptosis, cytoskeleton, adhesion,
protein transport, signal transduction, and RNA splicing
or transport. Consistent with an apoptosis-induction
mode of action for taxanes, sensitive tumours had higher
expression of ‘apoptosis-related proteins (eg, BAX,
UBE2M, UBCHI0, CUL1). DNA damage-related gene
expression in docetaxel-sensitive tumours {overexpression
of CSNKZB, DDBI, ABL, and underexpression of
PRKDC) also seems 1o contribute to docetaxel sensitivity.

Furthermore, in sensitive tumours, overexpression of
genes implicated in stress-related pathways was also
noted, especially heat shock proteins. Overexpression of
heat shock protein 27 (HSP27) has been associated with
doxorubicin resistance in the MDA-MB-231 breast
cancer cell line® By contrast, the same investigators
have shown <that HSP2Z7-overexpressing cell  lines
remain  sengitive to  docetaxel (Fuqua 8, personal
communication), suggesting that different non-cross-
resistant agents could have different gene patterns of
sensitivity and resistarice. If true, then specific patterns of
gene expression could be used as tools to choose between
doxorubicin and docetasel

In a leave-one-out cross-validation procedure, the
classifier that included genes selected at the nominal value
of p<(-001 correctly classified tumours as sensitive or
resistant in nearly 90% of cancers. Additionally, the
predicrive value of this ¢lassifier compares very favourably
with that of oestrogen-receptor status, which is the only

ralidated’ factor that-can predict response o honnone
treatment in breast-cancer, Oestrogen-~receptor staty
a positive: predictive value for response’ to. =hormonc
therapy of about 60%; and a negarwe predicive valie of
about 90%.% If :abour 70% of breast cancers e
oestrogen-receptor positive, then sénsitivity and specificity
for hormone. responsive: and non=responsive tumours are
about 93% and 50%; respectively, and the area under the
ROC: curve for oestrogen receptor is only about 0-72.

The docetaxel classifier’ has positive and negitive
predictive values of 92% and '83%, respectivély; and the
area under the ROC curve of 0:96 (figure 3). Although
these predictive values are likely 1o be slightly biased and
have wide confidenice intervals, these results suggest that
classifiers based’ on gene expression would' probably
compare favourably with other clinically ‘validated
predictive markers.

Differences in RNA expression were conﬁrmed by
sqRT-PCR for a sample of genes. Furthermore, we have
validated our classifier in an independent set of six
consecutively treated patients, all of whom responded to
rreatment. Although the validation seét s very small, it
does lend support to the suggestion that gene expression
arrays could be used to predicr effectiveness of tréatment.

This study shows that expression array 1echnology can
effectively and reproducibly classify tumours according
to response or resistance 10 docetaxel chemotherapy. To
ultimately define the molecular portrait of cancers
sensitive or resistant to docetaxel, our results should be
validated in a study with a large independent cohort of
patients, Further patient recruitment and analysis ‘will
refine the gene list by which to classify tumours, This
type of maolecular profiling could have important clinical
implications in defining the optimum treatment for an
individual patient, thus reducing the use of unproductive
treatments, unnecessary toxicity, and overall cost.
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reast. cancer is the most common mahgnancy affhct-

 ing women from Western cultures. It has been esti-

mated that more than 40,000 women will die of this
disease in the United States alone. Developments in 'breast
cancer molecular and cellular biolo-
gy research have brought us closer to
understanding the genetic basis of
this disease. Unfortunately, this
information has yet to be incorporat-
ed into the routine’ diagnosis and
treatment of breast cancer in the clin-
ic. Recent advancements in microar- -
ray technology hold the promise of
further increasing our understanding
of the complexity and heterogeneity
of this disease and providing new
avenues for the prognostication of -
breast cancer outcomes. The most
recent application of microarray -
genomic technologxes in studying
breast cancer, in parhcular prediction
of résponse to docetaxel, will be the
focus of this review.

Docetaxel in Breast Cancer

Optimal ‘systemic treatment (ad;uvant therapy) after_

breast cancer surgery is the most crucial factor in reduc-
ing mortality in women with breast cancer. Adjuvant
chemotherapy and hormonal treatment both reduce the
risk of death in breast cancer patients.** However, while
estrogen receptor status predicts for response to hormon-
al treatments, there are no clinically useful predictive
markers for chemotherapy response. All eligible women

are therefore treated in the same manner even though de
novo drug resistance will result in treatment failures'in
many breast cancer patients. The -taxanes, docetaxel

'(I’axotere") and paclitaxel (Taxol®), are a new class of

antimicrotubule agents that are more
effective than older drugs like the
anthracyclines,*’ although clinical
_trials with taxanes and anthracy-
' clines in combination show that only
& small subset of patients benefit
- from- the addition of taxanes®
" Currently, there are no methods
- available to distinguish those pa-
tients who are likely to. respond to
taxanes from those who are riot, and
given the accepted practice of pre-
‘scribing adjuvant treatment to most
patients even if the average expected
~benefit is low, the a priori selection of
~ appropriate patients most likely. to
benefitfrom adjuvant taxane therapy
1 would repreaent a major advance in
| ithe ¢linical management of breast -
*cancer today.* A major impediment
‘to study predxctors of therapeutic
efﬁcacy in the ad;uvant setting is the lack of surrogate
markers for survival and, consequently, large numbers
of patients with long-term foilowmp are needed to con-
duct these studies.

We therefore set out to identify gene expressxon pat-
terns in primary breast cancer specimens that might pre-
dict response to taxanes. Neoadjuvant chemotherapy
{treatment before primary surgery) allows for samphng of
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the primary tumor for gene expression
analysis and for direct assessment of
response .to chemotherapy by follow-
ing changes in tumor size during the
first few months of treatment.”®* With
the advent of hxgh~throughpu’r quanti-
tation of gene expression, it is now

possible to-assess thousands of genes
simultaneously to identify expression
patterns in different breast cancers that
might correlate with and thereby pre-
dict excellent clinical response to treat-
ment.'** Hence, neoadjuvant chemo-
therapy provides an ideal platform to
rapidly discover predictive markers of
chemotherapy response.

Study Design

Patients with locally advanced
breast cancer (primary cancers >4 cm,
or with clinically evident axillary
metastases) were considered for a
phase II study with neoadjuvant doc-
etaxel. Clinical staging and size of pri-
mary timor were recorded at the start
of treatment, at each cycle, and after
completion of 4 cycles of chemothera-
py. Tumor size (product of the two
largest perpendicular diameters) meas-

ured before and after 4 cycles of

the cancers into two groups of sensi-
tive and - resistant categories -of
approximately equal numbers before
gene expression analysis.

Core biopsies of the primary can-
cers were undertaken before adminis-
tration of single-agent docetaxel as
neocadjuvant treattnent. Docetaxel at
100 mg/m? was given every 3 weeks
for a total of 4 cycles, and clinical

response was assessed after the fourth

cycle at 12 weeks.

- Total RNA was' 1soiated from the
frozen core biopsy specimens accord-

ing to protocols recommended by
Affymetrix (Santa Clara, CA) for
GeneChip® experiments. Each core
biopsy yielded 3 to 6 micrograms of
total RNA. After RNA recovery, dou-
ble-stranded ¢DNA was then synthe-

sized. Reverse transcription was car-. .

ried out according to protocols recom-
mended by Affymetrix (Santa Clara,
CA) using commercially available

buffers and proteins- (Invmogen'
Corporation, Carlsbad, CA). Biotin
labeling and approximately. 250-fold -

linear amplification followed phenol-
chloroform cleanup of the reverse
transcription reaction product -and
was carried out by in vitro transcmp—

‘tion. From each biopsy 15 micro-

grams of labeled ¢cRNA was then
hybridized onto the Affymetrix
U95Av2 GeneChip®. The Affymetrix
U95Av2 GeneChip®* comprises about
12,625 probe sets.

Results

Before treatment, the median
turnor size was 8 cm (range 4 to 30
cm), Prior to gene expression analysis,

_ we ciefmed sensxhwty and resistance
neoadjuvant chemotherapy was used -
‘to compute the percentage of residual
disease. The median residual disease -
was then calculated ‘and this degree :
of response was then used ‘to divide.

based .on the percentage ‘of residual

-disease after treatment. We first deter-
miined that the ‘median residval dis-
“ease after chemotherapy was 30%. We
‘then arbxtrarxly defined seénsitive

tumors as. those with " €25% residual
disease and resistant tumors as those

‘with 25% residual disease, as this cut
off divides ‘the number of patients

almost: equally into. two groups for

statistical comparison.

Of these 24 patients, 11 were sens1-
tive (46%) to docetaxel and 13 were

 resistant (54%). Of the sensitive tumors, -

5 patients (5/11, 45%) had minimal
residual disease (<10% residual tumor),
while of the resistant tumors, 7 patients

“had residual tumors >60% (7/13, 54%),

and 3 of these women (3/13, 23%) had
residual tumors that were 100% or
greater of baselmg.

Selectzon of dlsmmmtztory gene¢ ‘We
compared the expression data in the
sensitive and thé resistant tumors to

identify genes significantly differen-

tially expressed between the two
groups. We first selected a subset of
candidate geries by filtering on signal
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intensity to eliminate genes with uni-
formly low expression or genes whose
expression did not vary significantly

across the samples, retaining 1,628
genes. After log transformation, a t test
was used to select -discriminatory

genes. To evaluate the possibility of
spurious results due to multiple com-
parisons, we performed a global per-
mutation test that evaluates the statis-

tical probability of obtaining the

observed numiber of differentially
expressed genes (or more) by chance
alone. T tests with nominal P values
of 0.001, 0.01, and 0.05 selected,
respectively, 92, 300, and 551 genes as
“differentially expressed.” The proba-
bility that these numbers of genes
would be selected by chance alone
was estimated to be 0.0015, 0.001, and
<0.001, respectively.

Functional classification of discrimina-
tory genes. The 92 genes classed as most
significantly “differentially expressed”
at nominal P value <0.001 showed 4.2-
to 2.6-fold decreases or 2.5- to 15.7-fold
increases in expressiort in resistant ver-
sus sensitive tumors. Functional class-
es of these differentially expressed
genes included stress/apoptosis
(21%), cell adhesxon/cytoskelefon
(16%), protein transport (13%), signal
transduction (12%), RNA transcrip-
tion (10%), RNA splicing/transport
(9%), cell cycle (7%), and prot'ein
translation (3%); the remainder (9%)
had unknown functions.

Discussion

This study was designed to identify
and confirm patterns of gene expres-
sion associated with docetaxel sensitiv-
ity or resistance. From human breast
cancers, sufficient RNA was obtained
from small core biopsies to assess gene
expression patterns in  individual
tumors. To the best of our knowledge,
this is the first study to have identified

molecular profiles using gene expres-
sion patterns of human primary breast
cancers which may be useful to accu-
rately predict response or lack of
response to chemotherapy. The results
of this study suggest that molecular
profiling has the potential to ’accurately
predict docetaxel response in primary
breast cancer pahents N
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(GENE EXPRESSION PATTERNS FOR DOCETAXEL
SENSITIVITY AND RESISTANCE IN PATIENTS WITH

L¢

Introduction

Breast cancer is the most common malignancy
afﬂtctmg women from Western cultures, It has
been estimated that approximately 211,000
‘women will be diagnosed with breast cancer in
2003 in the United States alone, and distressing:
Iy, each year approximately 40,000 women will
die of this disease.! Developmients in'breast can-
cer molecular and cellular biology research have
brought us closer to understandling the genetic
basis of this disease. Unfortunately, this infor-

Houston, X

mation has not yet been incorporated into the
routine diagnosis and treatment of breast
cancer in the clinic, Recent advancements in

College of Medicine

‘microarray technology hold the promise of fur-

ther increasing our understanding of the com-
plexity and heterogeneity of this disease and of providing
new avenues for the prognostication and prediction of
breast cancer outcomes. The most recent application of
miceoarray genomic technologies in studying breast can-
cer, in particular prediction of response to chemotherapy,
will be the focus of this review.2

Gene Expression Pattems as
Predictors of Response to
Docetaxel in Breast Cancer

Optimal- systemic treatment (adjuvant therapy) after breast
cancer surgery is the most crucial factor in reducing mortality
in women with breast cancer. Adjuvant chemotheiapy and
hormonal treatment both reduce the risk of death in breast
cancer patiénts}S However, while estrogen receptor status
predicts for feésponse to hormonal treatments, there are no
clinically useful predictive markers for c¢hemotherapy
response. Al eligible women are thercfore treated in the
same manner, even though de novo drug resistance will result
in treatment failures in many breast cancer patierits. The tax-
angs doceraxel (Taxotere®) and pattitaxel (Taxol®) are 2 new
class of antimicrotubule agents that are more effective than
older drugs like the anthracyclines,$% although clinical trials
with taxanes and anthracyclines in combination show thar

taxanes>1¢ Currenitly, there are no methods available to dis-
tinguish those patients who are likely 16 respond o tasanes

only a small subset of patients henefit from the addition of

ALLY ADVANCED BREAST CANCER

from those who are not, and given the accepted practice of prescribing adju-
vant teearment to most patients even if the average expected benefit is low,
the a prior selection of appropriate patients most likely to benefit froim adju-
vant taxane therapy would represent 4 miajor advance in the clinical manage-
ment of breast cancer todag. % A majoe impediment 1o study predictors of
therapeutic efficacy in'the adjuvant setting is the lack of surrogate markers for
survival and, consequently, large numbers of patients with long-term follow-
up are needed 1o conduct these studies.

We therefore set out to identify géne expression patterns in' prinvary breast
cancer specimens that nivight predicr résponse ‘10 tadnes. Neoudjuvant
chemotherapy (treatment before primary surgery) allows.for sampling of the
primary tumor for gene expression amalysis and for direct assessmens of -
response to chemotherapy by following changes in mor size during the first
few months of treatmient:112 This clinical tumor response: o fecadjuvant
chemotherdpy has been shown to bie a valid surrogare marker of survival, with
better outcome in those patients whose tomors reégress sighificntly after
neoadjuvant chemotherapy compared 10 those with modest response or clin-
ically obvious chemotherapy-resistant discase. L1 With the advent of high-
throughput quantitation of gene expression, it is now possible to assess thou-
sands of genes simultancéously to identify expression patierns in different
breast cancers that might correlate with and thereby predict excellent clinical
response to treatment, 317 These profiles have.a great potenﬁal to penetrate
the genetic heterageneity of this disease and poritize different treatment

3

Figure 1 Gene Exprassian Using Affymetrix ¢

D Chawg redeives grani or research SUpport | from Aventis Oncolugy, Genentech BioOncology, and AsvaZenecay s a member of the Speaker’s Bureau of
Aventis Oncology, and iz a mafar stock or investinent holder in AstraZesiece:




R I

Hierarchical Clustering of Genes Carrelated
Wilh Docetaxel Response

Sensitive tumors are definad as < 25% residual disease {shawn as blue bars), and resistant lumors are
defined as » 25% residual disease (shown as red bars). The expression levels ate showa in red {expression
lpveds abeve the mean for the gens) and blue (fevals below the mean for the gene). The color scale {see
boftom of figure) ranges from 3 standard deviations (ar rore} betow the mean {darkest biue} to 3 standard
deviations ahove the mean (darkes! red).

srmegiés based on their likelihood of success in individual patients. Hence,
neoadjuvant chemothetapy provides an ideal platform to rapidly discover pre-
dictive markers of chemotherapy response.

Study Design

Eligibilicy. Patiepts with locally advanced breast cancer (primary cancers > 4 cm
or with clinically evident axillary metastases) were considered for a phase 11
studly with neoadjuvant docetaxel. ' In brief, the inclusion criteria were (1) age
> 18 vears, (2) a diagnosis of breast cancer confirmed by core needle biopsy,
(3) premenopausal status accompanied by appropriate contraception, (4) ade-
quate performance status, aid (5) adequate liver and kidney function test
results (all within 1.5 times the institution’s upper limit of normal). Exclusion cri-
teria included (1) severe underlying chronic illness or disease and (2) reaiment
with other chemotherapeutic drugs while on the study.

Clinical staging and size of the primary wmor was recorded at the start of
treatment, at each cycle, and after completion of 4 cycles of chemotherapy.
Tumor size (product of the 2 fargest perpendicular diameters) measured
before and after 4 cvcles of neoadjuvant chemotherapy was vsed 1o compute
the percentage of residual disease, The median residual disease was then
calculated, and this degree of response was then used to divide the cancers
into 2 groups of sensitive and resistant categories of approximately equal

numbers before gene expression analysis: Care blopsies-of the pritiary can-
cers wete undertaken before administration of single-agent docetaxel as
neoadjuvant rieatment.

Treammen Docetaxel 100 mg/m? was given every 3 weeks for a total of 4 cydles,
and clinical response was assessed after the fourth cycle (it 12 weeks). Patients

continued on necadjuvant chemotherapy through the full 4 cycles unless there

was clear documentation of progressive disease, defined 25 an increasé in
wmor size of > 25%. Primary surgery and standard adjuvant therapy were
then administered following completion of necadjuvant docetaxel. In order to
maximize the likelihood of obtaining sufficient tissue, approximately 6 core
hiopsies were taken. Two to'three coré biopsy specimens were immediately
transferred for snap freezing at ~80°C for CDNA array analysis.

Gene Profiling Metbods. Total RNA was isolared from the frozen core biopsy
specimens according to protocols recommended by Affymetrix (Santa Clar,
CA) for GeneChip® experiments (Figure 1). Each core biopsy vielded 3-6 ug
of total RNA. After RNA recovery, double-stranded ¢DNA was then synthe-
sized. Reverse transcription was performed accorling to protocols recom-
mended by Affymetrix using commercially available buffers and proteins
(Invitrogen Corporation, Carlsbad, CA). Biotin labéling and approximately
250-fold linear amplification followed phenolichloroform cleanup of the
reverse-teanscription reaction product and was performed using in viteo tran-
scription. From each biopsy, 15 ug of labeled ¢cRNA was then hybridized onto
the Affymetrix U95Av2 GeneChip. The Affymetrix U95Av2 GeneChip com-
prises approximately 12,625 probe sets, each containing approximately 16
perfect-match and corresponding mismatch 25-mer oligonucleotide probes,
representing sequences (genes), most of which have been characterized in
terms of function or disease association.

Results

Before treatment, the median tumor size was 8 cni (range, 4-30 ¢cmy). Prior to
gene expression analysis, we defined sensitivity and resistance based on the
percentage of residual disease after treatment. We first-determined that the
median residual disease after: chemotherapy was 30%. We then arbitrarily
defined sensitive tumors as those with < 25% residual disease and resistant
tumors 4s those with > 25% residual disease, as this cutoff divides the num-
bers of patients almost equally into 2 groups forstatistical comparison,

Of the 24 patients, 11 (46%) were sensitive to docetaxel and 13 .(54%) were
resistant, Of the 11 patients with sensitive tumors, 5 (45%) had minimal resid-
ual disease (< 10% residual tumor), while of the 13 patients with resistant
tumors, 7 (54%) had residual tumors > 60%, Three of these wornien (23%) had
residual tumors that were = 100% of bascline.

Selection of Discriminatory Genes

We compared the expression data in the sensitive and resistant tumors to
identify genes significantly differentially expressed between the 2 groups
(Figure 2), We first selected a subset of candidate genes by filiering on sig-
nal intensity 10 eliminate genes-with uniformly low expression or genes
whose expression did not vary significantly across the samples, retaining
1628 genes. After log transformation, 4 £ test was used to select discriming-
tory genes. To evaluate the possibility of spurious results due to multiple
comparisons, we performed a global permutation test, which evaluates the
statistical probability of obwaining the observed number of differentially
expressed genes (or more) by chance alone. The ¢ tests with noninal
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Table 1 Functional Classes of 92 Genes With
Ditferential Expression Between Docetaxel-Sensilive
antl Docetaxel-Refractory Tumors

13% i

2%

9%

$: '3:17% 3 v;

'mtemmslauon I %

RNine percent of the gonss differentialty expressed between docetaxél-sensitive and doetaxel-résistant humor
samples bave Usknown fuiction,

P values of 001, .01, and .05 selected, respectively, 92, 300, and 551 genes
as differentially expréssed. The probability that these riumbers of genes
would be selécted by chance aloiie was estimated to be 0013, 001, and
<001, respectively.

Finctional Classification of Discriminatory Genes. The 92 genes classified
as most significantly differentially expressed at a nominal P value < .001
showed 2.6- to 4.2-fold decreases or 2.3 to 15.7-fold increases in expression
in resistant versus seénsitive tumors. Functional classes of these differentially
expressed genes included stress/apoptosis (21%), cell adhesion/cyfoskele-
ton (16%). protein transport (13%), signal transduction (12%), RNA tran-
seription (10%), RNA splicing transport (9%), cell evcle (7%), and protein
wranslation (3%) (Table 1),

Discussion

This study was designed 1o identify and confirm patterns of gene expression

associated with docetaxel sensitivity or resistance. From human breast can-

cers, sufficient RNA was. obtained from small care biopsies to assess gene

expression parterns in individual tumors. To the best of our knowledge, this is

the first study to have identified molecular profiles using gene expression pat-
terns of himan priinary breast cancets to accurately predict response or fack
of response to chemotherapy. The results of this study suggest that molecular
profiling has the potential to accurately predict docetaxel response in primary
breast canicer patients.
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